Context: Anterior cruciate ligament (ACL) reconstruction in older patients is a controversial topic among orthopaedic surgeons.
A nterior cruciate ligament (ACL) injuries are common in the active population. While an ACL is not always needed to perform activities of daily living or even straight-ahead running, patients without a competent ACL may be more dissatisfied in competitive sports activities that require pivoting. 6, 15 Anterior cruciate ligament reconstruction in older patients is a controversial topic among orthopaedic surgeons. If arthritis is present in an ACL-deficient knee, it may be a relative contraindication to ACL reconstruction. 1, 21 Older individuals have a greater likelihood of developing arthrofibrosis. 11, 13, 31 However, active patients are not satisfied with activity restraint. 24 A systematic review of the literature as it relates to this population is appropriate to address the patient demographic. The goal of this study was to determine the outcomes, failure, and morbidity associated with ACL reconstruction in patients older than 40 years and to compare it with reports of nonoperative treatment in this patient population as well as results published in the literature of ACL reconstruction in a younger patient population.
Methods
A broad literature search utilizing the following databases was employed using the Preferred Reporting Items for Systematic Reviews and Meta-Analysis (PRISMA) guidelines: MEDLINE, CINAHL (Cumulative Index to Nursing and Allied Health Literature), and the Cochrane Central Register of Controlled Trials. All databases were searched for all literature published from January 1970 to October 2015 using the following key search terms: ACL reconstruction, elderly, over 40, middle aged, conservative, knee, anterior cruciate ligament, and ACL. Case reports, expert opinions, as well as data only presented as abstracts were excluded. Inclusion criteria were studies with longer than 2-year follow-up and minimum age of patients more than 40 years. Exclusion criteria were studies with less than 2-year follow-up and age of patients less than 40 years. Patient demographic information, ACL tear characteristics, operative technical details, objective and subjective outcome measurements, and complications were extracted from the studies.
Abstracts of studies obtained during the search were reviewed in duplicate by 2 of the authors to determine appropriateness for inclusion in the study, with full-text review performed when questions existed as to whether the study should be included in analysis. There were 12 studies [1] [2] [3] [4] [5] [6] [7] 12, 17, 23, 24, 29 that met the final criteria and were included in the final data analysis (Figure 1 ). These studies had their reference lists reviewed for additional papers appropriate for inclusion, with no additional studies selected. Data collected included patient demographics, preoperative data, intraoperative data, and postoperative data ( Table 1 in the Appendix, available at http://sph.sagepub.com/ content/by/supplemental-data).
No statistical comparisons were performed as part of this qualitative systematic review. Inconsistencies between reviewers were resolved by joint review of the involved studies. When applicable, weighted averages were utilized when grouping data.
Results

Demographic Data
The weighted mean age for all included studies was 47.8 years.
The inclusion criteria required a minimum age of 40 years in 8 of 12 (66%) studies, 2, 3, 5, 6, 12, 17, 24, 29 50 years in 3 (25%) studies, 4, 7, 23 and 55 years in 1 study. 1 The majority (55%) of patients were men. Several studies reported patients having undergone prior meniscectomies before ACL reconstruction, either as a result of the ACL tear (partial meniscectomy with the ACL untreated) or earlier in life from prior injuries. 2, 5, 6 Physical Examination Collated physical examination results from the included studies are presented in Table 2 in the Appendix (available at http://sph.sagepub.com/content/by/supplemental-data).
Outcomes Scores
Weighted Lysholm, International Knee Documentation Committee (IKDC), and Cincinnati scores are available in Table 3 in the Appendix (available at http://sph.sagepub.com/content/by/ supplemental-data). Preoperatively, 60 of 75 knees had pain and swelling, and postoperatively, only 3 knees had these complaints. 24 Fifty-five of 75 had giving way symptoms preoperatively, which was resolved in all patients postoperatively. In this group, 52 knees (69%) had an excellent result, 21 (28%) had a good result, and 2 (3%) had a fair result. In the lone nonoperative study of patients over 40 with 2-year follow-up, 83% were satisfied with their treatment, while 17% stated that if current operative techniques had been available at the time of initial injury they "might have requested operative treatment"; none desired surgery for the current condition of their knee. 6 Forty percent of patients noted slight, intermittent pain after strenuous exertion, and 10% noted pain during moderate exertion. 6 
Activity Level
Preinjury UCLA (University of California, Los Angeles) scores were 8.5 (range, 4-10), preoperative scores averaged 4.3 (range, 3-6), and postoperative scores at final follow-up averaged 8.3 (range, 4-10) ( Table 3 in the Appendix). 7 In the nonoperative population, there was a return to sports in 73%, but the authors did mention that more than half of the patients returning to high-level sports noticed a subjective difference in their ability to perform at their preinjury level. 6 
Graft Source
In all, 173 of 352 (49%) patients had bone-patellar tendon-bone (BPTB) autografts used to reconstruct their ACLs. The next most frequent graft source was BPTB allograft (20%), followed by Achilles allograft (12%), allograft fascia lata (11%), and hamstrings autograft (7%). Only 51% of allografts used radiation, with 45 of 79 (57%) being low-dose irradiated (range, 12-18 kGy) and the other 38 (43%) being nonirradiated.
Mechanism of Injury
Of studies reporting mechanism of injury by the individual sport 101 of 246 (41%) injuries occurred while skiing. The next most common sport was tennis, with 34 (14%) patients.
Articular Cartilage and Meniscal Pathology Noted at Surgery
The condition of cartilage diminished with increased time from injury to reconstruction (P = 0.02) and correlated with lower IKDC (P = 0.02) ( Table 4 in the Appendix, available at http://sph. sagepub.com/content/by/supplemental-data). 4 Most studies treated cartilage lesions with simple debridement or lavage; however, 1 study performed microfracture to all grade 3 and 4 lesions. 23 
Development of Arthritis
Seven studies did not report radiographic results. [1] [2] [3] 5, 23, 24, 29 Overall, radiographic changes at final follow-up were rarely severe. In the nonoperative study, only 2 patients (7%) had progression from their initial radiographs. 6 The majority of patients in each of the ACL reconstruction studies had minimal or no radiographic degenerative changes. 4, 7, 12, 17 
Time to Reconstruction
Mean times from injury to reconstruction surgery were: 2.8 months (range, 2.4-3.3 months), 23 24 months (range, 1-156 months), 7 25.9 months (range, 5 days-26.6 years), 3 36 months (range, 6-360 months), 5 48 months (range, 2 days-1196 weeks), 24 and 88 months (range, 2-396 months). 4 
Failure/Complications
After nonoperative treatment, 4 patients (7.7%) underwent meniscal surgery after the diagnosis of ACL tear. 6 Complications included 2 superficial infections, 17 excessive bleeding in 2 patients, 5 and 1 urinary tract infection (see Table 5 in the Appendix, available at http://sph.sagepub.com/content/by/ supplemental-data). 
Group Comparison
A comparison of the over 40 population to a group younger than 40 years was conducted and found no difference in Lysholm, IKDC, or Cincinnati scores. 2 In another study, the older group was found to be significantly more pleased with their result than the younger group, with no difference in standardized outcomes scores. 5 This study showed a slightly higher activity level at follow-up in their younger patient population (6 vs 5 in the older group). In another study, 12 (60%) patients in the over-50 group versus 18 (90%) in the under-30 group returned to their preinjury level of activity. The mean Lysholm score in the nonoperative study (82) was lower than the 90.5 weighted average in the operative studies.
Comparison With Prior Literature
Thirteen studies 8, 9, 14, 16, [18] [19] [20] 22, [25] [26] [27] 30, 32 with prospective data and greater than 2-year follow-up using modern techniques were pooled for data comparison (Table 6 in the Appendix, available at http://sph.sagepub.com/content/by/supplemental-data). The mean patient age in these studies was 26.7 years compared with 47.8 in the studies in this systematic review. The rerupture rate was 3.5% in the younger population compared with 2.3% in the older population. Tegner activity scores were higher in the younger patients, yet Lysholm and IKDC scores were similar between the 2 populations.
Bias
The quality of this review was limited by the fact that these studies were all level 3 or level 4 evidence. Many of the included studies had relatively small numbers. None of the included studies performed a power analysis, thus all nonsignificant differences must be questioned. Additionally, many of these studies occurred over a number of years, and thus, surgical techniques and even preferred graft choices changed during the study period.
discussion
The principal finding of this study is that the outcomes after ACL reconstruction in the population older than 40 years are similar to those in younger patient populations. The number of patients and the length of time patients are continuing active lifestyles continues to rise. Thus, the number of ACL injuries that occur in an older patient population is likely to increase.
The interval from injury to surgery has an adverse effect on outcomes. 10 Five of the 6 studies reporting mean time from injury to reconstruction had a mean delay of over 2 years. Also, several studies reported patients having undergone prior meniscectomies before ACL reconstruction. These would all be considered factors that may cause a reduction in the overall outcome after ACL reconstruction, yet these patients had similar results to younger patients.
This study cannot prove that ACL reconstruction is better than nonoperative treatment as there were no direct comparative studies in this age group. The only nonoperative study in patients older than 40 years reported good results 6 but did place restrictions on patients in terms of activities. These restrictions may be considered unacceptable for many patients wanting to remain active as they age. Decision analysis recently demonstrated that operative treatment was more cost-effective and should be the treatment of choice for ACL tears in this population. 28 There is still a role for nonoperative treatment in patients who are willing to accept the limitations that this may cause, including refraining from sports or activities that require cutting and pivoting. However, there is a subset of patients that may have instability symptoms during activities of daily living.
The younger patients had a greater mean decrease in activity, despite the final follow-up number being statistically significantly higher in the younger patients. This, along with all other outcomes scores being similar, indicates that the difference in activity scores between these populations may be clinically insignificant because the population older than 40 years is not as active preinjury or is willing to modify their activities somewhat to prevent future injury.
conclusion
Anterior cruciate ligament reconstruction can be recommended to patients older than 40 years who wish to maintain an active lifestyle or have symptomatic instability with daily activities. Complication rates were low in this population, and the outcomes are similar to those in younger patients. Patient-based outcomes scores were better in the operative studies compared with the single nonoperative study in this patient population.
